The acute vascular effects of tetraethylammo nium chloride (TEA) were examined on annular segments of rabbit basilar arteries, Contractions induced by the po tassium channel blocker were compared with those ob tained for potassium chloride, 5-hydroxytryptamine (5-HT) and norepinephrine (NE), The greater magnitude of the contractions was of the following order: [K +] > 5-HT > TEA> NK High concentrations of TEA alone (10-2 M) generated spontaneous oscillatory contractions in cerebral vessels that were normally quiescent, Low concentrations of TEA (10-8-10-6 M), which had no va somotor properties per se, enhanced the contractile re sponse of submaximal concentrations of 5-HT (10-7 M) and NE (3 x 10-6 M) and attenuated the contraction produced by 60 mM [K +], An increased vascular re sponse to the amines was still evident up to 3 h after the addition of TEA despite frequent rinsing with fresh buffer solutions. On arteries precontracted with TEA (10-2 M), but not high [K +], the subsequent addition of 5-HT (10-7 M) still induced a powerful constriction. Repeated con centration-response curves for [K+] were reproducible and, in the presence of TEA (10-8 or 10-6 M), the curve was displaced to the right in a competitive manner. A higher concentration of TEA (10-4 M) was devoid of any blocking properties on the [K+]-induced response
whereas, at 10-3 M TEA, the response was potentiated, as evidenced by a shift of the curve to the left. Interac tions between TEA and the cumulative response to 5-HT were difficult to interpret. Repeated exposures of the ar tery to 5-HT resulted in an increased maximal response with each determination (EArn = 127 :± 9% and 149 :± 14% of control values following the second and third ap plications, respectively). With TEA (10-6 M), the in crease in the maximal contractile effect noted previously was not observed. Contractions induced by single con centrations of TEA (10-2 M) or [K+] (60 mM) were cal cium dependent, were abolished completely in a calcium free medium, and were depressed by the calcium an tagonist nimodipine. 5-Hydroxytryptamine-induced contractions (10-5 M) were less sensitive to withdrawal of calcium from the extracellular medium (31 :± 6% rela tive to the maximal response at 4 mM calcium). Hence, an acute reduction in potassium conductance in cerebro vascular smooth muscle produced by TEA has complex, concentration-dependent effects and reproduces only part of the spectrum of effects of cisternal injection of blood on cerebrovascular reactivity. Key Words: 5-Hy droxytryptamine-Potassium ions-Rabbit basilar ar tery -Subarachnoid hemorrhage-Te traethylammonium chloride-Vascular smooth muscle.
Changes in [K +]0 have a complex effect on the response of cerebral arteries both to pH (Kus chinsky et aI. , 1972; Betz et aI. , 1973; Pickard et aI., 1975) and 5-hydroxytryptamine (Harder and Waters, 1983) . The contraction provoked by re ducing [K +]0 from 10 mM to 0 mM may be the re sult not only of inhibition of the electrogenic so dium pump but also, in some arteries, to a fall in potassium conductance (Hirst and Van HeIden, 1982) . Te traethylammonium chloride (TEA) blocks potassium conductance in many tissues and, in high concentrations, contracts cerebral arteries (Silver berg et aI. , 1979) . We examined the effects on reac tivity of rabbit basilar arteries in vitro of progres-sive blockade of the potassium channels produced by a wide range of concentrations of TEA.
A further impetus to this study was the recent report that the potassium conductance of the feline basilar artery was reduced chronically foIIowing the cisternal injection of blood (Waters and Harder, 1985) . Do different concentrations of TEA replicate the patterns of altered cerebrovascular reactivity to potassium and biogenic amines described in vitro following experimental subarachnoid hemorrhage: first, with cisternal injection of blood, enhancement of the response to norepinephrine (NE) and sero tonin and depression to potassium and, second, fol lowing craniotomy and tearing of a cerebral artery or implantation of a periarterial blood clot, depres sion to all three agents (Pickard and Perry, 1984 for review; Krueger et aI. , 1985) ?
EXPERIMENTAL PROCEDURES Preparation and mounting
Twenty-six New Zealand white rabbits of either sex and weighing between 2. 4 and 4. 2 kg were anesthetized by an intravenous (i. v. ) injection of al phaxolone, 10 mg/kg, and alphadolone acetate, 3.6 mg/kg, (Saffan, Glaxovet Ltd. , Middlesex, En gland). Following exsanguination, the skull was opened and the brain was removed and placed in a cold Krebs'-Ringer solution of the following com position (in mM): NaCI, 118; KCI, 4. 5; KH 2 P0 4 , 1. 0; NaHC0 3 , 25; MgS0 4 .7H 2 0, 1.0; CaCl 2 • 2H20, 1. 5 and glucose 6.0. The osmolarity of the Krebs' solution was 286 mOsmol/L (95% confi dence limits; 282-290). Solutions in which the po tassium concentration was altered were obtained by substituting N aCI with equimolar amounts of KCI. The chemicals used were of analytical grade.
The basilar artery was dissected out and, within 30 min of killing, annular vessel segments (300-400 f.Lm in diameter and 2-3 mm long) were mounted in 5-ml temperature-controlled organ baths (one seg ment to each bath) containing a system of L-shaped metal holders (6/0 round-bodied surgical needles, Ethicon Holborn Surgical Instruments Ltd. , Kent, England) for recording isometric circular contrac tions (HogesHitt et aI. , 1983) . Only fresh arteries were used in the investigations because overnight storage at 4°C may reduce the contractile response to some drugs (Laher and Bevan, 1985a) . The buffer solution, maintained thermostatically at 37°C, was aerated continuously with a mixture of 95% O 2 and 5% CO 2 to give a final pH of 7. 40 (7.36-7.43 ).
The L-shaped metal holders were connected to force displacement transducers (Grass FT 03) that had been previously calibrated in the horizontal po-J Cereb Blood Flow Metab, Vol. 7, No.2, 1987 sition through the use of a micropulley system (Harvard Apparatus Ltd. , Kent, England), and the electrical signals were amplified and recorded on a Devices MX 412 potentiometric recorder. Initially, a mechanical load of 5. 0 mN was applied to each vessel, after which vessels were allowed to stabilize at a tension of 3.0 mN over a period of 60-90 min. During this accommodation period, the vessels were rinsed every 15 min with fresh buffer solution.
Protocol
Prior to application of the drug under study, the reactivity of the arteries were checked by replacing the normal Krebs' with a buffer solution containing 124 mM [K +] to induce vasoconstriction. The final osmolarity of the potassium buffer solution was 343 (334-351) mOsmol/L. High potassium solutions may provoke an increase in cell water content. Therefore, all solutions in which the potassium content was elevated contained 50 mM sucrose to prevent sweIIing (Jones et aI. , 1973) .
Depolarization of the cell membrane (124 mM [K +]) resulted in reproducible contractions which later served as an internal standard for each vessel. Two depolarizations were performed prior to the definitive study, and one was performed at the end of the experiment to check the final reactivity of the preparation. The maximal contractile response to 60 mM [K +] was not different from that induced by 124 mM [K +].
A functional test to verify the presence of an in tact endothelium was performed by the addition of acetylcholine (ACh 10-5 M) to the bathing medium for each [K + ]-induced contraction, or following the highest concentration of each test compound studied. Arteries that failed to relax following the application of ACh were not included in the final analysis. Four arteries that failed to contract in re sponse to NE were also excluded in the final anal ysis. Some basilar arteries were insensitive to NE as reported elsewhere (Brandt et aI., 1981b) . It is possible that in some instances a reduction in the number of a-adrenoceptors present in rabbit basilar arteries may be responsible for the lack of the con tractile response to NE (Laher and Bevan, 1985b) .
Concentration -response relationships were ob tained following the cumulative addition of the agent under study in the range of 10-1 0 -10-2 M. The effects of the agonists were plotted in terms of the response against log concentration. From the data obtained, calculations were made of the EArn value (the maximal response of the vessel, in mN) and the EC 5 0 value (the concentration of agonist producing half-maximal response). The results are generally expressed as mean values ± SEM. Where appropriate, the 95% confidence limits are also shown in parentheses. If two or more concen tration-response relationships were required, a reequilibration period of 40-60 min was allowed between successive drug administrations. In some instances, the agonist was applied as a single sub maximal concentration, the response was ob served, and the vessel was then rinsed before the next concentration was tested 5-10 min later.
MATERIALS
The following drugs were used: acetylcholine chloride; 5-hydroxytryptamine (creatinine sulfate complex); ± Norepinephrine hydrochloride (± arte renol); tetraethylammonium chloride-all of which were obtained from Sigma Ltd. , Dorset, England; nimodipine was obtained from Bayer UK Ltd., Berkshire, England.
To limit neuronal uptake, cocaine hydrochloride (10-7 M, May and Baker, Essex, England) was added to the bathing medium during the investiga tions with 5-HT and NA; higher concentrations of cocaine effected a noticeable vasoconstriction of the artery. Likewise, in such studies, activation of l3-adrenoceptors was prevented by the addition of DL-propranolol hydrochloride (3 x 10-7 M, Sigma) to the bath.
All substances, with the exception of nimodipine, were dissolved in distilled water, which, in the case of NE, contained 0. 2 mg/ml L-ascorbic acid to min imize oxidation. Manipulations with nimodipine were performed under sodium lamp illumination, and the calcium antagonist was dissolved in Lutrol water (Bayer) by heating and shaking. All solutions were prepared daily, when required, and added to the organ bath in �50-f.LI vol. The concentrations were expressed as the final molar concentration present in the bath. Osmolarity values for the solu tions used in the investigation were monitored in the organ bath and recorded.
Statistical analyses
The statistical treatment of the data obtained was performed by an analysis of variance with multiple comparisons according to Tukey (1949) . Where ap propriate, Student's t test for paired data was ap plied. Significant difference was set at the 5% level. The results are generally expressed as mean values ± SEM. Where considered necessary, the 95% confidence limits are also given in parentheses.
RESULTS

Effects of agonists alone
Cumulative log concentration-response curves showing changes in tension induced by increasing the concentration of the agonist are presented in Fig. l . The corresponding EArn and potency (pD 2 ; the negative logarithm of the EC 5 0 value) of each agent is given in Ta ble 1.
Exposure of the arteries to a potassium-free buffer solution resulted in a noticeable vasocon striction (EArn = l. 2 ± 0. 4 mN); to maintain this constriction, it was necessary to rinse the arteries frequently with fresh potassium-free buffer. In four vessels, there was a tendency toward relaxation at extracellular potassium concentrations between 4 and 6 mM.
The concentration-response curve for TEA is shown in Figure ID . Concentrations of the potas sium channel blocker between 10-8 and 10-5 M were without significant vasomotor effects. Further increases in the TEA concentration produced a va soconstriction of the artery that was slow in onset and reached a maximum within I -2 min. Solutions of 10-2 M TEA were slightly discolored (yellow tinge), and we considered it inappropriate to extend the concentration range to higher molarities. The EArn observed at 10-2 M was 8. 6 ± l. 3 mN, and the EC 5 0 value (based on the maximum effect ob served) was 8. 16 (3. 6-18.6) x 1O-4 M( n = 10). When expressed as a percentage of the potassium induced contraction, TEA contracted the vessels by 65 ± 6%. Single applications of TEA (10-2 M) provoked the spontaneous discharge of powerful oscillatory contractions that had never before been observed (Fig. 2) . The ensuing rhythmic arterial constrictions and spike activity persisted and were monitored for up to 30 min.
Alteration of vascular response to single concentrations of 5-HT, NE, and [K+] by TEA
Multiple concentration-response relationships showed progressive enhancement of the maximal response with each successive application of the amines (vide infra), whereas this effect was not ob served when single, submaximal concentrations were used. Therefore, the effects of TEA on the contractile response to 5-HT (10-7 M) or NE (3 x 10-6 M) were determined with the addition of various concentrations of the potassium channel blocker. Figure 3A shows that exposure to 5-HT (10-7 M) resulted in a stable reproducible contrac tion which was readily eliminated by washing. Fol lowing two control contractions, TEA (10-8 M) was introduced to the bath 5 min before the next application of 5-HT. Thereafter, the vessels were again rinsed with fresh buffer solution and the ex periment was repeated with increasing concentra tions of TEA. Application of TEA to the bath in concentrations up to 10-6 M did not effect a vaso constriction per se. The contractions evoked by
A. R. YOUNG ET AL. Vasoconstriction was obtained when the vessels were exposed to a potassium-free buffer solution (A). Each point represents the mean value of 7-14 determinations; vertical bars represent SEM. (For further details, see Table 1 ).
5-HT were enhanced in a concentration-dependent manner in the presence of TEA however (Fig. 3A) .
Parallel experiments revealed that arteries on which a concentration-response to TEA had been performed previously still elicited an enhanced re sponse to 5-HT despite frequent rinsing of the vessels. Even after 3 h, the post-TEA effects on the response to 5-HT remained �50% above the con-trol values. In vitro, TEA therefore appears to have a long duration of action that is not readily dimin ished by frequent washing.
A similar pattern of events was noted when NE (3 x 10-6 M) was used as the constricting stimulus. Likewise, a maintained enhanced response to a single concentration of NE following exposure of the artery to TEA (10-8-10-2 M) was observed. Values are expressed as the mean ± SEM; 95% confidence limits are shown in parentheses; n = number of arterial segments studied.
a Based on the maximum effect observed.
FIG. 2. Tetraethylammonium chloride (TEA)-induced (10-2 M) vasoconstriction of the rabbit basilar artery, showing gradual increase in tension and subsequent appearance of spontaneous oscillatory contractions. Such rhythmic con tractions persisted for up to 30 min, although rabbit basilar arteries were normally quiescent. No other drugs were added during the study. Calibration bar and chart speed are indicated.
The experiment was followed for up to 2 h (post TEA application), and the concentrations induced by NE did not return to control values. In contrast, vasoconstrictions by 60 mM [K +] showed no such enhancement in the presence of TEA; indeed, the phasic component of the contrac tion was attenuated following addition of the potas sium channel blocker. Figure 3B illustrates a typ ical experiment in which potassium-induced con tractions were subjected to TEA pretreatment. A loss of the brief relaxation part of the [K +]-induced constriction occurred when TEA (10-6 M) was tested.
Alterations in [K+] and S-HT concentration-response relationships induced by TEA
A concentration-response curve was con structed for [K +] (7 -60 mM) to serve as the control response. Subsequent applications of [K +], added in the presence of TEA, were expressed as a per centage of the control response. Between studies (40-60 min) the vessels were rinsed, and a known concentration of TEA (10-8, 10-6, 10-4, or 10-3 M) was applied to the bath 10 min prior to repeating a second concentration-response curve for [K +].
Because previous experiments showed that TEA had a long duration of action (vide supra), we con sidered it prudent to test each concentration of the potassium channel blocker on a fresh group of ar teries. Analysis of variance performed on the data obtained from the four control groups showed that they were not significantly different from each other ( Table 2) . Figure 4 illustrates the blocking properties of TEA on concentration-response relationships to [K +]. At concentrations of 10-8 and 10-6 M, TEA displaced the [K +] concentration-response curve to the right (pD 2 values, control vs. treated; p < 0. 05 and p < 0. 01, respectively). At 10-8 M TEA, there was a small increase in the maximum re sponse to high [K +] that did not occur at 10-6 M TEA (Table 2) . TEA at a concentration of 10-4 M had no observable effects on the concentration -re sponse curve to [K +]. At a higher concentration (TEA 10-3 M), however, the [K +] response curve was potentiated, with displacement of the control response curve to the left (pD 2 values, control vs. treated; p < 0.05).
Unlike the repeated concentration-response re lationships for [K +] (which were reproducible without any change in the maximal response or po tency following consecutive determinations), mul tiple concentration-response relationships con structed for 5-HT showed a significant enhance ment of the maximal contractile response with each determination, whereas the potency value (pD 2 ) re mained unchanged (Fig. 5, Ta ble 3) . When com pared with the control response, the EArn of the second and third cumulative response determina tions was increased to 127 ± 9% and 149 ± 14%, respectively. As shown in Fig. 3 , repeated single submaximal concentrations of 5-HT are reproduc ible and show no enhancement. When performed in the presence of TEA (10-6 M) the enhanced max imal response normally observed after the second cumulative application of 5-HT was abolished. No additional blocking properties of TEA could be identified. Table 1 . EArn is the maximal response of the vessels to [K +]; pD 2 is the negative logarithm of the ECso value obtained; E rnax is the maximal contraction expressed as a percentage of the control response. There were no signifi cant differences between the control values of each group (analysis of variance with mUltiple comparisons according to Tukey, 1949) . Values are expressed as the mean ± SE M; 95% confidence limits are shown in pa rentheses; n, number of arterial segments used. a p < 0.05, b p < 0.01, when compared with respective control data (Student's t test for paired data).
Dependence on extracellular calcium
Abbreviations as in
Krebs' solution for 30 min reduced the contractile effect of [K+] (60 mM) to 1% of the control value. The vessel segments contracted promptly upon readministration of calcium; this response was con centration dependent, with a maximal response at 4 mM calcium (EArn = 15.1 ± 1.8 mN; n = 8).
In contrast, the addition of 5-HT (10-5 M) to a calcium-free buffer solution resulted in a vasocon striction amounting to 45 ± 5% of the maximal ob served response (EArn = 13.9 ± 2.0 mN; n = 4). Further increases in tension were again observed following the reintroduction of calcium to the bathing medium.
TEA-induced contractions (10-2 M) were also dependent on the presence of extracellular calcium. Removal of calcium from the bathing medium abol ished the TEA-induced response completely, but the contractions were restored when calcium was added. The EArn to TEA at 4 mM calcium was 10.5 ± 1.4 mN (n = 6). Pretreatment of the arteries for 10 min with nimodipine (2.5 x 10-5 M) reduced the TEA-induced contraction to 10% of the control values. The threshold concentration for [K +]-induced contractions of cerebral arteries is relatively low: for example, rabbit basilar (12 mM), human pial (10-15 mM), cat (15-20 mM) (Toda and Hayashi, 1979; Brandt et aI., 1981a; Andersson et aI., 1983; Edvinsson et aI., 1986) . This is in contrast to sys temic arteries such as the mesenteric artery (30 mM) (Bolton et aI., 1984) . Like other vascular smooth muscle, isolated cerebral arteries and pial arterioles contract when the extracellular potas sium concentration is reduced from 10 to 0 mM (Kuschinsky et aI., 1972; To da, 1976; Pickard et aI., 1975; Pickard and Perry, 1984) . This phenomenon may be attributed not only to the operation of an electrogenic Na + -K + pump that is inhibited by 0 mM potassium and near maximally active at 10 mM potassium but possibly also, to changes in potas sium conductance (Hirst and Van HeIden, 1982) . Table 2 for further details).
The increased EAm following repeated cumula tive application of 5-HT is not commonly observed and is species and tissue specific (Apperley et aI. , 1976) . For example, in the dog basilar artery, no en hancement of the maximal response or sensitivity to 5-HT has been reported and up to four superim posable concentration-response curves can be ob tained (Allen et aI. , 1974) . Tachyphylaxis may occur following repeated cumulative additions of 5-HT in human basilar arteries (Forster and Whalley, 1982) .
Mechanism of action of TEA Quarternary ammonium salts have long been known to increase smooth muscle tone and aug ment the contractile effects of various agonists at concentrations intermediate between subthreshold There was no increase in sensitivity of vessels, as indicated by a constant pD2 value (see Table 3 for further details). The Upper panel was constructed from data taken from seven arterial segments. The lower panel shows a control response to 5-HT and the effects of the potassium channel blocker tet raethylammonium chloride (TEA) (10-6 M) on this response. Pretreatment of the arteries for 10 min by TEA effectively di minished the enhanced response normally observed fol lowing the second application of 5-HT. In both panels, the data are presented as a percentage of the control response; the concentrations of 5-HT used are indicated on the ab scissa. Vertical bars show SEM; 'p < 0.05, "p < 0.01 (Stu dent's t test for paired data). EArn is the maximal response of the vessels to 5-hydroxytryptamine (5-HT); pD 2 is the negative logarithm of the ECso value obtained; Em ax is the maximal contraction expressed as a percentage of the control re sponse (first applicaton); time between applications was �60 min; n, number of arterial segments studied. Mean values ± SEM are given; 95% confidence limits are shown in parentheses. a p < 0.05, bp < 0.01 (Student's t test for paired data). and maximal concentrations (Raventos, 1937; Lum and Rashleigh, 1961; Haeusler, 1978; Bolton, 1979) . Te traethylammonium chloride depolarizes and pro longs the action potentials of many nerve and muscle fibers and may induce a repetitive discharge of action potentials in some smooth muscles that do not normally generate such potentials (Droogmans et aI., 1977) . In canine cerebral arteries, Silverberg et aI., (1979) showed that TEA caused no demon strable contraction at < 0.5 mM, small variable contractions between 0. 5 and 1 mM, and more forceful contractions at higher concentrations. The latter results, obtained on arteries precontracted by 5-HT (10-8 M), are in agreement with those of the present investigation which used cerebral arteries having only mechanical tone.
TEA may act either on the outside or inside of the membrane or both, depending on the tissue, to inhibit the voltage-dependent potassium conduc tance with dissociation constants in the range of 0. 4-6 mM (Hagiwara and Watanabe, 1955; Arm strong and Binstock, 1965; Hille, 1967; Volle et aI., 1972; Ochi and Nishiye, 1974; Schwindt and Crill, 1981) . Te traethylammonium chloride (3 mM) depo larizes dog middle cerebral arteries, reduces mem brane conductance and, following nerve stimula tion, increases the amplitude of the excitatory junc tion potential and blocks the generation of the slow hyperpolarization (Suzuki and Fujiwara, 1982) . In contrast, Harder and colleagues (1981) found that TEA (10-3 M) had no effect on resting membrane potential (cat basilar artery) and did not provoke spontaneous contractions. Hirst and co-workers (1986) found that a higher concentration of TEA (10-2 M) caused membrane depolarization (by to-15 m V) and provoked the discharge of action potentials and rhythmic arteriolar contractions.
J Cereb Blood Flow Metab. Vol. 7. No.2. 1987 Thus, even subtle changes in the concentrations of TEA used may have widely differing effects.
Te traethylammonium chloride (2 mM) will aug ment neurotransmitter release with nerve stimula tion in the rabbit saphenous artery (Holman and Surprenant, 1980) . This phenomenon reflects blockade of potassium conductance and prolonga tion of action potentials in nerve terminals. The po tentiating effect of TEA on smooth muscle was not affected, however, by prior depletion of endoge nous catecholamines with reserpine (Kalsner, 1972) .
Our results further confirmed that in the rabbit basilar artery the contractile effects of TEA are de pendent on extracellular calcium and are inhibited by a calcium-free milieu (Kalsner, 1972; Haeusler et aI., 1980; Foster et aI., 1983; Hirst et aI., 1986) . Te traethylammonium chloride is known to increase both calcium influx and efflux in smooth muscle (Haeusler et aI., 1980; Foster et aI., 1983) . The ac tion potentials elicited by TEA are calcium depen dent, and substances that are considered calcium antagonists block the induced spike activity (Droogmans et aI., 1977; Harder and Sperelakis, 1979; Kannan et aI., 1983; Hirst et aI., 1986) . The induced action potentials are resistant to tetrodo toxin (Hirst et aI., 1986) . It is not yet clear whether the mechanism of action of TEA occurs solely through its effects on potassium conductance in smooth muscle or whether there are additional ef fects on calcium movements.
Te traethylammonium chloride seems to differen tiate between the channels opened by raised [K +] 0 and NE or 5-HT; presumably, the former are po tential activated and sensitive to TEA, and the latter two are receptor operated and less sensitive to blockade by TEA (Hudgins and Weiss, 1968; Ta- (e-e), 5-hydroxytryptamine (5-HT)-induced (_-_), and tetraethylammonium chloride (TEA)-induced (A-A)
contractions on the rabbit basilar artery after exposure to a calcium-free buffer solution and after the reintroduction of calcium to the bathing medium. The first set of symbols indi cate zero calcium. Data are given as a percentage of max imum response at an extracellular calcium concentration of 4 mM (absolute values for the contractions were-[K+], maximal response (EArn) = 15.1 ± 1.8 mN; 5-HT, EArn = 13.9 ± 2.0 mN; TEA, EArn = 10.5 ± 1.4 mN). The agonists were added as a single concentration after a 3D-min incubation period in the calcium-free medium. Calcium was then rein troduced to the bathing medium at the concentrations indi cated on the abscissa. Each point represents the mean value of four to eight determinations; vertical lines show SEM.
kagi et aI. , 1979; Bolton and Clapp, 1984) . It is a paradox that depolarization produced by potassium reduces the response to 5-HT (Harder and Waters, 1983 ), yet TEA potentiates it.
In Aplysia pacemaker neurons, TEA has sepa rate effects on the different components of the po tassium current (delayed outward and calcium acti vated), and these effects can be dissociated using different TEA concentrations (Hermann and Gorman, 1981) . Concentration-dependent effects of TEA were highlighted in the present study. At two comparatively low concentrations (10-8 and 10-6 M), TEA antagonized the concentration-response relationship to [K +]. The slight but nonetheless sig nificant increase in the maximal response to [K +] observed with the lower of the two concentrations is not readily explicable. TEA at a concentration of 10-4 M had no observable effects on the [K +] re sponse whereas, at 10-3 M, the concentration response curve for [K +] was shifted significantly to the left.
The suppressive effect of a subthreshold concen tration of TEA has not been described previously. This effect may be a reflection of the low threshold to potassium of this type of smooth muscle (Fig.  lA) and the almost pure Nernst-like dependence of its membrane potential on extracellular potassium concentration (Harder and Waters, 1983) . Low concentrations of TEA may block the more readily accessible voltage-activated potassium channels and thereby increase the [K +] required to activate the remainder.
One possibility that merits further investigation are the vascular effects of triethylamine, an impu rity present in some preparations of TEA (Zucker, 1981) but not, we are assured, in the preparation supplied by Sigma. Triethylamine raises cyto plasmic pH and reduces intracellular calcium buff ering in Aplysia neurons but has no effect on potas sium conductance.
Relevance to changes in reactivity after subarachnoid hemorrhage Two types of preparation have been used to mimic subarachnoid hemorrhage (SAH) experi mentally and the contractile behavior of the cere bral arteries examined subsequently, in vitro, as de scribed previously. We hypothesized that the more invasive type of model (craniotomy, brain retrac tion, tearing of cerebral artery, and creation of a clot around the artery) might provoke a more se vere membrane defect (replicated by higher con centrations of TEA) than the single cisternal injec tion of blood (reproduced by lower concentrations of TEA). This is only partly valid. TEA reproduces the enhanced responses to biogenic amines and, at low concentrations, the depressive effect on potas sium-induced contractions that occur after cisternal injection of blood. The reduced response to bio genic amines that occurs after the experimental rupture of an intracranial artery cannot be repro duced at any TEA concentration, and the potentia tion of the potassium response by high TEA con centration does not occur after SAH.
The myogenic response of cerebral arteries to in creasing intravascular pressure or stretch may be the basis of autoregulation in vitro and is accompa nied by membrane depolarization (Harder, 1984) .
Autoregulation is impaired after SAH. If a reduc tion in potassium conductance is the main defect produced by SAH, TEA should impair the ability of cerebral arteries to contract in response to stretch. Indeed, TEA (1-10 mM) enhances the contractile response to quick stretch (Nakayama, 1982) . Hence, an acute reduction in potassium conduc tance in cerebrovascular smooth muscle produced by TEA does not reproduce the whole spectrum of effects of experimental SAH on cerebrovascular re activity. The chronic effects of potassium conduc tance blockade should be explored. Takagi T, Fukuoka H, Nagai H, Hotta K (1979) Basic study on cerebral vasospasm: Ca 2 + movement during contraction-re laxation of isolated basilar arteries. Toda N (1976) Potassium-induced relaxation in isolated cerebral arteries contracted with prostaglandin F 2a• Pj1ugers Arch 364: [235] [236] [237] [238] [239] [240] [241] [242] Toda N, Hayashi S (1979) Age-dependent alteration in the re sponse of isolated rabbit basilar arteries to vasoactive agents. J Pharmacol Exp Ther 211:716-721 Tukey JW (1949) Comparing individual means in the analysis of variance. Biometrics 5:99-114 Volle RL, Glisson SN, Henderson EG (1972) Blockade by tetra ethylammonium (TEA) and rubidium of potassium exchange in sartorius muscle fibres: distribution of the 14C-TEA in muscle. Pj1ugers Arch 333:281-296 Waters A, Harder DR (1985) Altered membrane properties of cerebral vascular smooth muscle following subarachnoid hemorrhage: an electrophysiological study. I. Changes in resting membrane potential (Em) and effect on the electro genic pump potential contribution to Em. Stroke 16:990-997 Zucker RS (1981) Tetraethylammonium contains an impurity which alkalizes cytoplasm and reduce calcium buffering in neurons. Brain Res 208:473-478
